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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present Invention relates to a film forming meth- 
od for continuously forming a desired film on a surface 
of a substrate selected from varbus kinds of materials 
such as macromolecular materials, metals, glass, ce- 
ramics, etc.. and an apparatus therefor. 

Description of the Related Art 

In recent years, film forming using vacuum evapo- 
ration of a particular material onto the surface of a sub- 
strate has been widely adapted for fomfiing a metal film 
as a printed wiring precursor onto a printed wiring sub- 
strate formed from a macromolecular material, forrhing 
of a corrosion-resisting film onto a surface of a substrate 
formed from stainless steel or the like, and forming of a 
semiconductor film onto a liquid crystal display glass 
substrate, for example. Such vacuum evaporation film 
forming has an advantage in that the film forming speed 
is relatively high compared with film forming using sput- 
tering or the like. 

Vacuum evaporation film forming, however, has a 
problem in that mutual adhesion at the interface be- 
tween the substrate surface and the film formed thereon 
Is so weak that the film may be separated from the sub- 
strate when the substrate Is processed after the film is 
formed. For example, where am aluminum film for printr 
ed wiring is formed on a surface of a printed wiring sub- 
strate formed of a polyimlde film, a problem arises in 
that the aluminum film may be separated by exposure 
of the film to high or low temperature after the film is 
formed. In the case where a corrosion-resisting alumi- 
num film is formed on a stainless steel substrate, for ex- 
ample, the aluminum film may be broken or separated 
when the stainless steel substrate is processed by 
bending, pressing or the like after the film is formed. 

A method has been heretofore proposed to solve 
the aforementioned problems and in which vacuum 
evaporation of a particular material onto a surface of a 
substrate and ion radiation are used in combination to 
form an adhesive mixture layer of constituent atoms of 
the substrate material and constituent atonns of an evap- 
orated materia! on a portion of the substrate surface to 
form an evaporation film of the same material and of a 
predetermined thickness on the mixture layer with good 
adhesion. A similar method Is for example described in 
EP-A-0269112. 

In forming the mixing layer to improve the adhesion, 
all the thickness of the resulting film Is not necessary. 
That is, a film with an arbitrary thickness is formed by 
vacuum evaporation after the mixing layer is fomied by 
ion radiatk)n adjacent to the interface between the sub- 
strate and the film. 



In such a film forming process using a combination 
of vacuum evaporation and ion radiation, continuous 
movement of a strip-like or plate-like substrate has been 
proposed for the purpose of film forming efficiency as 
s for example described in JP-A-028567. In the method 
described there, no independent operation of ion source 
and evaporation source is possible. 

Fig. 5 shows another example of an apparatus for 
performing such continuous film forming, in which a vac- 

10 uum vessel 9 capable of being kept in a predetermined 
vacuum by an exhaust devk:e (not shown), is partitk>ned 
into two portions 91 and 92. One portion 91 is used for 
a material evaporation source 93 and an ion source 94 
for forming a mixture layer, and the other portion 92 is 

IS used for a material evaporation source 95 for forming 
an evaporation film of predetermined thtokness on the 
mixture layer. A substrate 96 is passed from the one por- 
tion 91 to the other portion 92 so that the mixture layer 
is fomied at the portion 91 and then the evaporation film 

20 of predetermined thickness is formed at the portion 92. 
The reason why the vacuum vessel 9 is partitioned 
into two film fomnlng portions 91 and 92 is that if the film 
forming condition Is suited to the moving speed of the 
substrate, it is necessary to reduce the speed of evap- 

25 oration to satisfy the quantity of ion radiation in the mix- 
ture layer fonning step. If the total film forming speed Is 
increased, it is necessary to change the speed of evap- 
oratbn between the mixture layer forming step and the 
evaporative film forming step. 

50 Another method and apparatus have been pro- 
posed as described in Japanese Patent Unexamined 
Publk:ation No. Sho-60-1 41869. In this proposed film 
forming method and apparatus, a first iop source, a first 
evaporation source, a second ton source and a second 

35 evaporation source (which may be combined with an bh 
plating means) are disposed in a vacuum vessel along 
the direction of substrate feed to carry out a pretreat- 
ment, such as cleaning, of the substrate surface using 
the first bn source, form an evaporation film for forming 

40 a mixture layer using the first evaporatton source, form 
the mixture layer by bn radiation with the second ion 
source and form an evaporation film of a predetermined 
thickness on the mixture layer with the second evapo- 
ration source. 

^ In the film forming method and apparatus described 
in each of Fig. 5 and Japanese Patent Unexamined Pub- 
lication No. Sho-60-1 41 869. not only at least one ion 
source and one evaporation source are necessary for 
forming the mixture layer, but at least one evaporation 

so source is also necessary for forming the evaporatbn 
film. Thus, a problem is presented in that the number of 
evaporation sources is increased and film forming cost 
is Increased. 

In the method and apparatus described in Japa- 
ss nese Patent Unexamined Publication No. Sho- 
60-1 41 869, the mixture layer is formed by performing 
bn Injectbn with the second bn source after forming the 
evaporation film using the first evaporation source. Ac- 
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cordingly, ion energy due to the second ion source must 
be enlarged. Othenvise. great reduction of the substrate 
feeding speed may be considered, but production effi- 
ciency is compromised If the substrate feeding speed Is 
reduced greatly. 

SUf\^MARY OF THE INVENTION 

The present invention has been made in view of the 
above circumstances and has as an object to provide a 
film forming method and a film forming apparatus in 
which a film with good adhesion characteristics can be 
continuously formed on a substrate easily, at low cost 
and with good productivity as compared with the con- 
ventional method and apparatus. 

Additional objects and advantages of the Invention 
will be set forth In part in the description which follows 
and In part will be obvbus from the description, or may 
be teamed by practice of the invention. The objects and 
advantages of the inventbn may be realized and at- 
tained by means of the instrumentalities and combina- 
tions particularly ponited out In the appended claims. 

To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly de- 
scribed herein, the present invention provides a film 
forming method as described In Independent claims 1 
and 2. 

The objects and purpose of the present Invention 
are further achieved by a film forming apparatus com- 
prising the features described in independent claims 5 
and 6. 

In the method and apparatus according to the 
present Hnvention, various means for continuously mov- 
ing the substrate may be used. For example, where the 
substrate Is shaped as an endless belt, a moving means 
including a plurality of pulleys to advance the substrate 
may be used. In the case where the substrate is shaped 
as a doubled ended flexible belt, a moving means in- 
cluding a feed reel, a dmm therefor, a take-up reel, and 
a drum to reciprocate the substrate may be used. For 
example, in the case where the substrate is shaped as 
a plate, various kinds of conveyers such as a roller con- 
veyer to reciprocate the substrate may be considered. 

In the method and apparatus according to the 
present invention, the directbn of feeding of the sub- 
strate in the step of forming the evaporation film of the 
predetermined thickness on the mixture layer may be 
the same as the direction of feeding in the mixture layer 
forming step or may be opposite thereto. In the case 
where the substrate is shaped like a belt or a plate and 
is fed by reel devices or conveyer devices, the direction 
of feed to form the layer of evaporation material is op- 
posite to the direction in the mixture layer forming step. 

In the method and apparatus according to the 
present invention, the ion source may be suitably ar- 
ranged so that a part of the bn radiatbn is simultane- 
ously applied to an upstream substrate portion outside 
of the regbn reached by the evaporation material from 
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the evaporatbn source. 

The adhesion of the formed film to the substrate is 
greatly affected by the transport ratfo. The preferred 
transport ratio varies according to the kind of the sub- 

s strate, the material to be evaporated, the ion type used, 
the Ion energy and the like, but it is generally preferable 
that the transport ratio is in a range of from about 10 to 
about 1 000. If the transport ratio is smaller than 1 0, that 
is, the rate of Ion radiation is larger, the substrate be- 

10 comes so damaged that the adhesion of the film deteri- 
orates. If the transport rate is larger than 1000, the re- 
sulting mixture layer is unsatisfactory. 

In this case, the surface of the substrate is exposed 
to a part of the Ion radiation to pretreat the substrate, 

15 such as by activating the substrate surface and cleaning 
to remove water, and then a mixture layer and a vacuum 
evaporation film are formed with a predetermined thick- 
ness. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are Incorporat- 
ed in and constitute a part of this speciflcatbn illustrate 
embodiment(s) of the invention and, together with the 
25 descriptkx), serve to explain the objects, advantages 
and principles of the inventbn. Ih the drawings, 

Fig. 1 A Is a schematb diagram of an embodiment 
of a film forming apparatus used for carrying out a 
30 method according to the present invention; 

Fig. 1 B is a schematic diagram of a modified em- 
bodimisnt of a film forming apparatus used for car- 
rying out a method according to the present Inven- 
tion; 

35 Fig. 2 is a graph showing the result of an aluminum 
film peeling strength test on a stainless steel plate; 
Fig. 3 is a schematic diagram of another embodi- 
ment of the film forming apparatus used for carrying 
out a method according to the present invention; 

40 Fig. 4 is a graph showing the result of an aluminum 
film peeling strength test on a polyimide film; and 
Fig. 5 an explanatory view showing a conventional 
apparatus. 

45 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the film forming method of the 
present invention and an embodiment of the film forming 

so apparatus therefor will be described hereunder with ref- 
erence to the drawings. 

As shown In Fig. 1 A, the film fonning apparatus of 
the illustrated embodiment has a control film forming 
vacuum vessel 1. Auxiliary vacuum chambers 11 and 

S5 1 2 are successively connected to one side portion of the 
vessel 1 and a reel 2 is disposed outside of those cham- 
bers. Auxiliary vacuum chambers 1 3 and 14 are succes- 
sively connected to the other side portion of the vessel 
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1 . Further, a reel 3 is disposed outside the chambers 13 
and 14. 

A motor 22 is connected to the reel 2 through a dis- 
engageable coupling device 21 such as an electromag- 
netic clutch. A motor 32 is connected to the reel 3 
through a coupling device 31 such as an electromag- 
netic clutch. The reel 2 can be driven to rotate In a clock- 
wise direction as shown in the drawing by turning on the 
motor 22 and engagement of the coupling device 21. 
The reel 3 can be driven to rotate in counterclockwise 
direction by turning on the motor 32 and engagement of 
the coupling device 31 . 

Through-holes 12a, 14a. 11a, 13a, la and lb, as 
small as possible to pass a strip-like substrate T extend- 
ing between the reels 2 and 3, are provided in end walls 
of the auxiliary vacuum chambers 1 2 and 1 4, separating 
walls between the auxiliary vacuum chambers 11 and 
1 2, and the auxiliary vacuum chambers 1 3 and 1 4. and 
separating walls between the auxiliary vacuum cham- 
bers 11 and 13 and the vacuum vessel 1, respectively. 
In the drawing, the reference numerals 15 and 16 des- 
ignate separate pairs of guide rollers provkied in the 
vessel 1 to guide the substrate. 

VSacuum pump connection ports 1c, lib, 12b, 13b 
and 14b are provided in the vacuum vessel 1 and the 
auxiliary vacuum chambers 11, 12, 13 and 14, respec- 
tively. A vacuum pump (not shown) is connected to the 
vacuum pump connectk)n ports to evacuate the vessel 
1 and the respective auxiliary chambers and to maintain 
the vessel 1 under a predetermined film forming vacu- 
um. 

In the vacuum vessel 1 , an ion source 4 and an 
evaporation source 5 are disposed respectively on the 
side of the vessel near the reel 2 and on the side thereof 
near the reel 3. These sources face upward to the bot- 
tom surface of the substrate T supported for movement 
in a path by the reels 2 and 3; 

The ion source 4 is capable of radiating an ion beam 
to the bottom surface of the substrate T. The evaporation 
source 5 is an electron beam evaporation source, pref- 
erably an EB evaporation source, though it is not limited 
thereto. 

The ion source 4 and the evaporation source 5, in 
the embodiment of Fig. 1 A. are disposed so that the 
center of a region, reached by the ion beam from the ion 
source 4 at the surface of the substrate T substantially 
coincktes with the center of a regk>n to which evapora- 
tion particles from the evaporation source 5 are directed. 

A film thickness monitor 6, for measuring the quan- 
tity of vapor depositbn, is disposed to one side of the 
regbn reached by the evaporation material. A beam 
monitor 7, for measuring the quantity of ton radiatton, is 
disposed to one side of the region to which Ions are di- 
rected, and on the opposite side of the coincident region 
from the monitor 6. 

The ion source 4 and the evaporatton source 5 are 
connected to an ion radiation quantity arKi vapor depo- 
sition quantity control component 51 , to which outputs 



(not shown) from the monitors 6 and 7 are inputted. On 
the basis of an Instruction given by the control compo- 
nent, the ion source 4 supplies necessary and suitable 
ion radiation at the time of forming a mixture layer to be 

5 described, and the evaporation source 5 regulates the 
quantity of vapor depositbn at one level during forma- 
tion of the mixture layer and at a different level during 
the step of formatton of an evaporation film on the mix- 
ture layer, as will also be described in more detail bebw. 

10 In operation of the aforementioned film forming appara- 
. tus embodiment, the method of the invention is carried 
out in the following manner. 

A strip-like objective substrate T is preliminarily 
wound on the reel 2. A leading end of the substrate is 

15 passed through the holes 1 1 a, 1 2a. 1 3a, 1 4a, 1 a and 1 b 
in the auxiliary vacuum chambers 11 , 1 2. 1 3 and 1 4 and 
the vacuum vessel 1 and is connected to the other reel 
3. In this condition, coupling device 21 for the reel 2 is 
disengaged, whereas the coupling device 31 for the reel 

20 3 is engaged. The auxiliary vacuum chambers 11, 12, 
13 and 14 and the vacuum vessel 1 are evacuated by a 
vacuum pump (not shown) so that the vacuum vessel 1 
Is maintained under a film forming vacuum of about 
1X1CH to about 1X10-2 pascal (about 1X10*6 to about 

25 1X10-^ Torr). 

While an evaporation material, such as a metal, pre- 
liminarily stored in the evaporation source 5, is evapo- 
rated from the evaporation source 5 to the surface of the 
substrate T and, at the same time, an ton beam of inert 

30 gas, such as argon gas, is radiated from the ton source 
4 to the surface of the substrate T the motor 32 for the 
reel 3 is operated to continuously move the substrate T 
in a predetermined direction and at a predetermined 
speed so that the substrate T is taken up on the reel 3 

55 from the reel 2. 

A mixture layer of constituent atoms of the material 
of the substrate T and constituent atoms of the evapo- 
ration material is thus continuously formed on the boX- 
tom surface of the substrate T by vacuum evaporatton 

40 of the evaporatton material onto the surface of the con- 
tinuously moving substrate T and, at the sarne time, by 
ion radiation of the bottom surface. 

In forming the mixture layer, the level of evaporation 
of the evaporatton material and the level of ton radiatton 

^ are adjusted by the control portion 51 to exhibit a trans- 
port ratto, that is, the ratio (M/N) of the number M of 
evaporation material atoms to the number N of Ions 
reaching the surface of the substrate per unit time and 
per unit area, to obtain good layer adhesive quality with 

50 respect to the current density of the ton source 4. The 
ion type and energy at Ion radiation, the transport ratio 
and the thickness of the mixture layer vary according to 
the kind of the evaporatton material and the kind of the 
substrate, but it is preferable that the ion energy, the 

55 transport ratio (M/N) and the thickness of the mixture 
layer are about 500 e V to about 20 keV. about 1 to about 
100 nm (about 10 to about 1000 A) and about 10 to 300 
nm (atx)ut 1 00 to 3000 A), respectively. The mixture lay- 
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er of good adhesive quality is formed on the substrate 
in this manner. If the transport ratio (^/l/N) is smaller than 
10, that Is, the rate of ion radiation Is higher, the sub- 
strate becomes so damaged that adhesion deteriorates. 
If the transport rate Is larger than 1 CXX), or the rate of ion 
radiation is smaller, the resulting mixture layer is unsat- 
isfactory. 

After the mixture layer is roughly fomned on a pre- 
detennined portion of the surface of the substrate T, the 
coupling device 31 for the reel 3 is disengaged and the 
coupling device 21 for the reel 2 is engaged. The motor 
22 then operates to rewind the substrate T from the reel 

3 to the reel 2 and to move the substrate T continuously 
in a direction opposite to the direction of movement dur> 
ing the mixture layer forming step. While the ion source 

4 is deactivated during movement of the substrate T In 
the opposite direction, the evaporation source 5 is op- 
erated on the basis of an Instruction given from the con- 
trol component 51 at a level of evaporation to form a 
vacuum evaporation film of predetermined thickness on 
the mixture layer. 

The vacuum evaporation film of predetermined 
thickness is continuously formed until finished on the 
mixture layer formed by the first step. The film thus 
formed on the substrate T is totally adhered to the sub- 
strate T because of the excellent adhesion of the mixture 
layer to the surface material of the substrate T. Moreo- 
ver, the film is easily obtained at low cost by one ion 
source and one evaporation source. Also, in each of the 
two processing steps, the substrate T is fed continuous- 
ly so that the efficiency in production of the film is good. 

A specific example of film forming using the afore- 
mentbned apparatus will be described hereunder. 

Substrate T: strip-like stainless steel plate 
Feeding speed: 6m/m in in each of the two steps 
Evaporatbn material based on the evaporation 
source 5: aluminum 

Film forming vacuum: 6.65X1 Pascal (5.0X10-5 
Torr) 

Speed of film forming from the evaporation source 
5 during the mixture layer forming step: 50 nm/sec 
(500 A/sec) 

Speed of film forming from the evaporation source 
5 onto the mixture layer: 200 nm/sec (2000 A/sec) 
Ion source 4: 

Ion type: Argon ion 
Energy: 2 KeV 

Beam current density: 0.8 mA/cm^ 
Surface kyn beam size at the substrate surface: 
150 mm in the substrate feeding direc- 
tion, 

700 mm in the directron perpendicular 
thereto. 

Transport ratio M/N in the mixture layer forming 
step: 
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Al/Ar ion=60 

An aluminum film was thus formed on the stainless 
steel plate with good adhesion, the thickness of the mix- 

5 ture layer and the thickness of the aluminum film being 
about 100 nm (1000 A) and about 1^im. respectively. 

To provide a comparative test of the adhesion of the 
aluminum film formed by the aforementioned specific 
example, a stainless steel plate having an aluminum film 

10 was formed in the same manner as in the specific ex- 
ample, except that ion radiation for forming the mixture 
layer was not used. The two test specimens were ex- 
posed to a temperature of 150'*C for an aluminum film 
peeling strength test according to JISC-501 6 after a pre- 

15 determined time had passed. The result of the test Is 
shown in Fig. 2. In the graph of Fig. 2, the line expressed 
by the symbol A shows the aluminum film in the specific 
example, and the line expressed by the symbol □ shows 
the aluminum film In the comparative example. 

20 It is obvious from the results of the test that the ad- 
heskvi of the aluminum film Is reduced greatly with the 
passage of time in the comparative example, not using 
ion radiation for forming the mixture layer, whereas the 
adhesion of the aluminum film is maintained stable with 

25 the passage of time in the specific example according 
to the present inventton, using ion radiation for forming 
the mixture layer. 

It is to be understood that the present inventk}n is 
not limited to the aforementioned apparatus embodl- 

30 ment and that it can be provkJed as variations thereof. 
For example, the reels 2 and 3 may be disposed in the 
vacuum vessel 1 and auxiliary vacuum chambers 11 to 
14 may be omitted. Also, a part of Ion radiation from the 
kxi source 4 may be used for k>n radiation in a pretreat- 

35 rnent before the formation of the mixture layer In this 
case, a part of ion radiation may be directed to a prelim- 
inary treatment region not reached by the evaporatbn 
particles. 

A second embodiment of the film forming method 

40 according to the present Invention and an embodiment 
of the film forming apparatus therefor will be described 
hereunder with reference to the Fig. 1 B of the drawings, 
which schematically shows the film forming apparatus 
of the second embodiment. 

4S The film fomiing apparatus in Fig. I B Is, with slight 
modification of previously described components, very 
similartothe embodiment of Fig. 1 A. Thus, components 
in Fig. 1 B which are identical to components in Fig. 1 A 
are designated by the same reference numerals and will 

so not be further described. Modified components in the 
embodiment of Fig. 1 B are designated by primed refer- 
ence numerals otherwise the same as those in Fig. 1 A. 

In the embodiment of Fig. 1 B, the reel 2' is freely 
rotatable and, if necessary, provkled with a braking or . 

S5 drag device for suppressing rotation due to Inertia. As 
in the embodiment of Fig. 1 A, the nrx>tor 32 Is connected 
to the reel 3 through a coupling device 31 such as an 
electromagnetic clutch. The reel 3 can be driven to ro- 
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tate counterclcx:kwise in the drawing by turning on the 
motor 32 and by engagement of the coupling device 31 . 

Another modification of the embodiment of Fig. 1 B. 
as compared with that of Fig. 1 A, is that the ion source 
At and the evaporation source 5' are disposed so that 
the region, which the ion beam from the ion source 4* 
reaches at the surface of the substrate T, is shifted to 
the upstream side in the direction of feeding of the sub- 
strate relative to the region reached by the evaporation 
material from the evaporation source S\ that is to say. 
shifted to the upstream side of the evaporation region 
at which lower evaporation speeds are present. 

In all other respects the structural organization of 
the embodiment of Fig. IB is the same as Fig. 1 A. 

During operation of the film forming apparatus 
shown In Fig. 1 B, a second method embodiment of the 
invention is carried out 

A strip-like objective substrate T is preliminarily 
wound on the reel 2. A leading end of the substrate is 
passed through the holes 11a, 12a, 13a, 14a, laandlb 
in the auxiliary vacuum chambers 1 1 , 1 2, 1 3 and 1 4 and 
the vacuum vessel 1 and is connected to the other reel 
3. The auxiliary vacuum chambers 11, 12, 13 and 14 
and the vacuum vessel 1 are evacuated by a vacuum 
pump (not shown) so that the vacuum vessel 1 is kept 
in a film forming vacu um of about 1 XI 0^ to about 1 x1 0"^ 
Pascal (about 1X10"® to about 1X10"* Torr). 

Thereafter, while an evaporation material, such as 
a metal preliminarily stored in the evaporation source 5', 
is evaporated from the evaporation source 5* to the sur- 
face of the substrate T, at the same time an ion beam of 
inert gas, such as argon gas, is radiated from the ion 
source 4* to the surface of thasubstrate T. The inotor 32 
drives the reel 3 to continuously move the substrate T 
in a predetermined direction at a predetermined speed 
so that the substrate T is taken up by the reel 3 from the 
reel 2. 

Vacuum evaporation of an evaporation material on- 
to the bottom surface of the continuously moving sub- 
strate T. and radiatton of ions from the Ion source 4* are 
carried out simultaneously. In this embodiment, howev- 
er, the ions from the source 4' are directed to a region 
displaced from the center portion of the evaporation re- 
gion, or to a portion of the evaporatbn regk>n receiving 
a . relatively low level of evaporation material atoms. In 
other words, the region of ion radiation is at a portion of 
the evaporation region exhibiting a transport ratio M/N 
in which a mixture layer of good adhesbn Is formed. 
Thus, a mixture layer of constituent atoms of the sub- 
strate material and constituent atoms of the evaporation 
material is continuously formed on the surface of the 
substrate simultaneously with the continuous formation 
of a vacuum evaporation film of a predetemnlned thick- 
ness on the mixture layer. The evaporation material lay- 
er is formed at high speed by passing the ridixture layer 
through the center portbn of the evaporatk)n region, 
which is higher in evaporatk)n speed, and a k>wer evap- 
oration material formatfon speed portion of that region 



following the center portion. 

In the fonnation of the mixture layer in the second 
process embodiment, the radiation ion type and ion en- 
ergy, the transport rate and the thickness of the mixture 

s layer vary according to the kind of the material and the 
kind of the substrate, but it is preferable that the ion en- 
ergy, the transport ratio (M/N) and the thickness of the 
mixture layer are in ranges of from about 500 eV to about 
20 keV, from about 1 to about 1 00 nm (about 1 0 to about 

^0 1 000 A) and from about 1 0 to 300 nm (about 1 00 to 3000 
A), respectively. The control component 51 controls the 
k)n source 4' and the evaporation source 5* to maintain 
these parameters respectively in the aforementioned 
ranges. 

In each of the two steps, the substrate T is fed con- 
tinuously so that good production efficiency is obtained. 
A specific example of film forming using the apparatus 
of Fig. 1 B will now be described. 

20 Substrate T: strip-like stainless steel plate 
Feeding speed: 6m/min 

Evaporation material based on the evaporation 
source 5: aluminum 

Film forming vacuum: 6.65X10^ Pascal 5.0X1 0"5 
2S Torr) 

Speed of film forming from the evaporation source 
5': 200 nm/sec (2000 A/sec) 

Ion source 4: This is disposed so that a center 
00 axial line of an ion beam elec- 

trode intersects the surface of 
the substrate at a position B 
shifted by 300 mm to the up- 
stream skJe in the directbn of 
35 movement of the substrate from 

a point A, the intersection be- 
tween the center axial line of the 
evaporatfon source 5 and the 
surface of the substrate, as de- 
^ picted in Fig. IB. 

The aluminum film formed by the second process 
embodiment was tested In the same manner as the 
method previously described with reference to Fig. 1 A. 
45 The results were essentially the same and are thus also 
represented by the graph of Fig. 2 as explained above. 

Another embodiment of the method according to 
the present invention and an embodiment of the film 
forming apparatus therefor will be described with refer- 
so ence to Fig. 3. which shows a schematic diagram of the 
film fonfning apparatus. 

The film forming apparatus of Fig. 3 includes a film 
forming vacuum vessel 10 to which a vacuum pump (not 
shown) is connected to maintain the vessel 10 under a 
^ predetermined vacuum. 

Reels 20 and 30 are disposed in an upper portk)n 
of the vessel 1 0. The reel 20 is arranged to be driven to 
. rotate counterclockwise in the drawing by a nnotor 201 
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provided outside tlie vessel 10. The reel 30 freely ro- 
tates, but, if necessary, a braking device for suppressing 
inertial rotation may be provided. 

A guide drum 8, freely rotatable, is provided in the 
center portion of the vessel 1 0 so that the strip-like sub- 
strate T to be taken up from the reel 30 to the reel 20 
can be supported and guided by the circumference of 
the guide drum 8. 

An evaporation source 50 is disposed in the k>wer 
portion of the vacuum vessel 10 and directly under the 
drum B. An bn source 40 is disposed to one side up- 
stream of the evaporation source 50 and generally un- 
der the reel 30. Further, a partition plate.80 is provided 
at opposite sides of the drum 8 to prevent the evapora- 
tion material and ions from entering into the chamber 
containing the reels 20 and 30. 

The ion source 40 and the evaporation source 50 
are essentially the same as those previously described. 

The ion source 40 and the evaporation source 50 
are disposed so that the region to which the ion beam 
from the ion source 40 reaches the surface of the sub- 
strate T guided by the drum 8 is shifted to the upstream 
side, in the directkxi of substrate feed, from the center 
portion of the region reached by the evaporation mate- 
rial from the evaporation source 50. Thus the region 
reached by the ion beam is shifted to the upstream por- 
tion of the evaporation region which is tower in evapo- 
ratbn speed, and so that a part (in this embodiment, 
about one half) of the ion beam is radiated to an k)n ra- 
diation pre-treatment region S adjacent to the upstream 
side of the evaporatbn material arrival region in the di- 
rectbn of feeding of the substrate. A deposltbn prevent- 
ing plate 401 is provided in the vicinity of the position B 
of intersectkdn between the center of the ion beam and 
the surface of the substrate T on the guide drum 8 to 
prevent the evaporation material front depositing on the 
pre-treatment region, 

A film thickness monitor 60 for measuring the quan- 
tity of vapor deposition is disposed at a part of the region 
reached by the evaporation material. A beam monitor 
70 for measuring the quantity of ion radiatkxi is disposed 
at a part of the region reached by ions. 

The ion source 40 and the evaporation source 50 
are connected to an ion radiation quantity and vapor 
deposition quantity control component 501, to which 
outputs (not shown) from the monitors 60 and 70 are 
inputted. On the basis of an instruction given by the con- 
trol component, the ion source 40 performs suitable Ion 
radiation necessary for the pre-treatment and for the for- 
mation of the mixture layer. The evaporation source 50 
evaporates the evaporative nnaterial at a rate to achieve 
the quantity of vapor deposition necessary for forming 
the mixture layer and then for forming a vacuum evap- 
oration film on the mixture layer. 

The strip-like objective substrate T is preliminarily 
wound on the reel 30. Then, a leading end of the sub- 
strate is wound on the circumference of the guide drum 
8 and is connected to the other reel 20. 
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The vacuum vessel 10 Is evacuated by a vacuum 
pump not shown so that the vacuum vessel 10 is kept 
in a film forming vacuum of about 1 X1 0^ to about 1x10-2 
Pascal (about 1Xia« to about 1X10^ Torr). 

5 . Then, while the evaporative material, such as a 
metal preliminarily stored In the evaporation source 50. 
is evaporated from the evaporation source 50 to the sur- 
face of the substrate T on the drum 8 and, at the same 
time, an ion beam of inert gas, such as argon gas, Is 

10 radiated from the ion source 40 to the surface of the sub- 
strate T, the reel 20 is driven by the rnotor 201 to.con- 
tinuously move the substrate T in a predetermined di- 
rection at a predetermined speed so that the substrate 
T is taken up by the reel 20 from the reel 30. 

IS Vacuum evaporation of the evaporation material is 
directed to an evaporation region on the surface of the 
continuously moving substrate T and radiation of ions is 
directed to a lower evaporatbn speed portion out of the 
center portion of the evaporation region, or a portbn 

20 having a relatively lower rate of evaporation material at- 
om arrival. In other words, the ions are directed to a por- 
tion of the evaporation regbn exhibiting a transport rate 
M/N in which a good adhesive mixture layer is fomned, 
simultaneously with radiation of bns to the surface of 

2S the substrate in the more upstream pretreatment regbn 
S. 

The pre-treatment step, such as for activating of the 
substrate surface and cleanhg to remove water, is thus 
earned out by bn radiation of the surface of the contin- 

30 uously moving substrate. Then, a mixture layer of con- 
stituent atoms of the substrate material and constituent 
atoms of the evaporation material is continuously 
formed on the pretreated substrate surface. Then the 
mixture layer is made to pass through the center portion 

35 of the evaporatbn region, high in evaporation speed, 
and through a portion after the center portion, so that a 
vacuum evaporation film with a predetemnined thick- 
ness is continuously formed on the mixture layer at a 
high film forming speed. 

40 in the formation of the mixture layer, the radiation 
. ion type and ion energy, the transport rate and the thick- 
ness of the mixture layer vary according to the kind of 
the material and the kind of the substrate, but it is pref- 
erable also in this case that the ion energy, the transport 

45 rate (M/N) and the thickness of the mixture layer are in 
ranges of from about 500 eV to about 20 keV, from about 
1 to about 100 nm (about 1 0 to about 1 000 A) and from 
about 10 to 300 nm (about 100 to 3000 A), respectively. 
The control portion 501 controls the ion source 40 and 

50 the evaporation source 50 to maintain these parameters 
respectively in the aforementioned ranges. 

The vacuum evaporation film with the predeter- 
mined thickness is continuously fomried on the mixture 
layer preliminarily formed, so that film forming is fin- 

S5 ished. 

The film thus fonmed on the substrate T is totally 
adhered to the substrate T, because of the formation of 
the mixture layer on the surface of the substrate material 
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after the pre-treatment step. Also, the film is obtained 
easily and at low cost by successively carrying out the 
pre-treatnnent, the fomnation of the mixture layer and the 
formation of the vacuum evaporation film, using a single 
Ion source and a single evaporation source as described 
above. Further, good production efficiency Is attained. 

A specific example of film forming using the appa- 
ratus in Fig. 3 will now be described. 

Substrate T: Polyimide film 
Feeding speed: Bm/rm 

Evaporation material from the evaporation source 
50: aluminum 

Film forming vacuum: 6.65x10-3 Pascal (5.0x10^^ 
Torr) 

Speed of film forming from the evaporation source 
50: 200nm/sec (2000 A/sec) 

Ion source 40: This is disposed so that a center 
axial line of an ion beam elec- 
trode intersects the surface of 
the substrate at a position B, as 
shown in Fig. 3, shifted by 300 
mm to the upstream side in the 
direction of movement of the 
substrate from a point A of inter- 
section between the center axial 
line of .the evaporation source 
between the center axial line of 
the evaporation source 50 and 
the surface of the substrate and 
so that about one half of the sur- 
face ion beam is used for the 
pre-treatment. 

Ion type: Argon ton 

Energy: 2 keV 

Beam current density: 0.8 

mA/cm^.. 

Surface ion beam size at the substrate surface: 

250 mm in the substrate feeding direction. 
700 mm in a direction perpendicular thereto. 

Transport rate M/N for forming the mixture layer: Al/ 
Arfon=80 

A metallized film was thus obtained by forming an 
aluminum film of good adhesion on the polyimide film 
substrate T so that the thickness of the mixture layer 
and the thickness of the AI film were about 1 00 nm ( 1 000 
A) and about 1 ^m, respectively The high adhesion of 
the film was kept stable by application of the pretreat- 
ment using ion radiation, so that lowering of the adhe- 
sion of the aluminum film was not obsen/ed in the heat 
history (for example, from -30**C to 130'C) in a film 
strength test and the tike. 



To test the adhesion of the aluminum film, a com- 
parative example was prepared with a polyimide film 
having an aluminum film formed In the same manner as 
in the aforementioned specific example except that a 

s member (not shown) for preventing ion radiation to the 
pre-treatment regbn was used in the apparatus in to 
heat cycles (about one cycle per day) of -30°C to 1 30'*C 
to be subjected to an aluminum film peeling strength test 
according to JlSC-5016 after a predetermined time 

10 passed. The results of the test are shown in Fig. 4. In 
the graph of Fig. 4, the line expressed by the symbol A 
shows the aluminum film in the specific example, and 
the line expressed by the symbol □ shows the aluminum 
film In the comparative example. 

IS As is obvious from the results of the test, the adhe- 
sion of the aluminum film is reduced with the passage 
of time in the comparative example not using the ion ra- 
diation pre-treatment, whereas the adhesion of the alu- 
minum film is higher and kept stable regardless of the 

20 passage of time in the specific example of the present 
invention using the ion radiation pretreatment. 

It is to be understood that the present invention is 
not limited to the aforementioned embodiment and that 
it can be provided as varbus embodiments thereof. In 

25 the apparatus in Fig. 3 and the method of the inventbn 
using that apparatus, the reels 20 and 30 may be dis- 
posed outside the vacuum vessel 10 in the same man- 
ner as in the apparatus in Fig. IB. In this case, if nec- 
essary, auxiliary vacuum chambers as in the apparatus . 

so in Figs. 1 A and 1 B may be provided. Further, in the ap- 
paratus of Fig. 3, the deposition preventing plate 401 Is 
not always necessary. Also in the apparatus of Fig. IB. 
a part of the ion beam may be used for the pre-treatment 
and, further, a deposition preventing plate having the 

55 same function as the depositton preventing plate 401 
having the same function as the deposition preventing 
plate 401 may be provided. 

As described above, according to the present in- 
vention, a film forming method and a film forming appa- 

40 ratus can be provided in which a film can be continuous- 
ly formed on a substrate easily, at tow cost, and good In 
adhesion compared to the conventional method and ap- 
paratus. 

The foregoing description of preferred embodi- 
45 ments of the invention has been presented for purposes 
of illustration and descriptbn. It is not intended to be ex- 
haustive or to limit the invention to the precise form dis- 
closed, and modificatbns and variations are possible in 
light of the above teachings or may be acquired from 
so practice of the invention. The embodiments were cho- 
sen and described in order to explain the principles of 
the Invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
. bodiments and with various modifications as are suited 
ss to the particular use contemplated. It Is intended that the 
scope of the invention be defined by the claims append- 
ed hereto. 
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Claims 

1. A method for forming a film of an evaporation ma- 
terial on a substrate (T), said method comprising the 
steps of: s 



mmed amount of evaporation material from an 
evaporation source (5',50) to said surface and 
radiation of ions to said surface during move- 
ment of said substrate (T) in a predetermined 
direction; 



forming a mixture layer on a surface of the sub- 
strate (T), the mixture layer including atoms of 
both the substrate material and the evaporation 
material, by vacuum evaporation of a predeter- io 
mined amount of evaporatbn material from an 
evaporation source (5) to said surface and ra- 
diation of ions to said surface during movement 
of said substrate (T) in a predetenmlned direc- 
tbn; IS 

and forming a film with a predetermined thick- 
ness of the evaporation material on said mix- 
ture layer from the evaporation source (5) by 
vacuum evaporation, while said substrate (T) is 20 
continuously moved; 

characterized by 

the film with apredetermined thickness of evap- ^5 
oration material being formed with the same 
evaporation source used for fomiing said mix- 
ture layer after said mixture layer has been at 
. least partially formed on a predetermined por- 
tion of said surface of said substrate (T), during 30 
movement of the substrate in a direction the 
same or opposite said predetermined direction 
with respect to said evaporation source (5); 

the center of the region reached by the ion ir- 35 
radiation at the surface of the substrate (T), 
substantially coinciding with the center of the 
r6gk)n to which evaporation particles from the 
evaporation source (5) are directed; and 

40 

the ion irradiation and said evaporatk)n being 
adjusted Independently, whereby 

said ion irradiation for forming said mixture lay- 
er is carried out so that the ratio M/N of the 4S 
number M of evaporation material atoms to the 
number N of ions reaching said surface of said 
substrate (T) per unit time and per unit area is 
in a range of from 10 to 1000. 

so 

2. A method for fomning a film of an evaporation ma- 
terial on a substrate (T), said method qomprlsing the 
steps of: 

formhg a mixture layer on a surface of the sub- ss 
strata (T), the mixture layer including atoms of 
both the substrate material and the evaporation 
material, by vacuum evaporation of a predeter- 



and forming a film with a predetermined thick- 
ness of the evaporation material on said mix- 
ture layer from an evaporation source (5',50) by 
vacuum evaporation, while said substrate (T) is 
continuously moved; 

characterized by 

said ion irradiation and said vacuum evapora- 
tion of a predetenmlned amount of the evapo- 
rating material from an evaporating source (5*, 
50) onto sab substrate (T) being carried out at 
the same time while continuously moving said 
substrate (T). said ion irradiation being applied 
to a portion (B) located upstream, relative to the 
direction of substrate movement, from a central 
part (A) of the region reached by evaporation 
of the evaporation material from saki evapora- 
tion source {5',50), evaporation speed being 
tower in the upstreiam portion (B) than at the 
central part (A) of said region, so that a mixture 
layer of atoms of the substrate and the evapo- 
ration material is formed continuously on said 
surface of said substrate at the portion (B) 
where the ton irradiation is applied; and 

said vacuum evaporation film with predeter- 
mined thickness of the evaporation material be- 
ing formed continuotisly on said mbcture layer 
at the portion (A) where the ion irradiatton is not 
applied; 

said ion irradiation and said evaporation being 
adjusted independently, whereby 

said ion irradiation for fomiing said mixture lay- 
er is carried out so that the ratio M/N of the 
number N of the evaporation material atoms to 
the number N tons reaching said surface of said 
substrate (T) per unit time and per unit area is 
in the range of from 10 to 1000. 

3. The film forming method according to claim 2, in 
which a part of sakt ton radiatton is simultaneously 
applied to an added upstream portion of the sub- 
strate located outside said region reached by the 
evaporation of the evaporation material from said 
evaporation source, so that said surface of said 
substrate is pretreated before the fomnation of sakJ 
mixture layer. 

4. A film forming apparatus comprising: 
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an evaporation source (5) for vacuum evapora- 
tion of a predetermined material onto the sur- 
face of a moving objective substrate (T); 

an ion source (4) for radiating ions toward the s 
surface of said moving substrate (T); 

means (2,20,3,30) for continuously moving 
said objective sulsstrate (T), said means 
(2,20.3,30) being arranged to move said sub> io 
strate (T) in a predetermined direction; 

to in use form a mixture layer on a surface of 
the substrate (T), the mixture iayer including at- 
oms of both the substrate material and the is 
evaporation material, by vacuum evaporation 
of a predetermined amount of evaporation ma- 
terial from the evaporation source (5) to said 
surface and radiation of ions from said ion 
source (4) to said surface during movement of 20 
said substrate (T) in said predetermined direc- 
tion; 

to in use form a film with predetermined thick- 
ness of the evaporation materia! on said mix- 2S 
ture layerf rom the same evaporation source (5) 
by vacuum evaporation, while said substrate 
(T) is continuously rticved; 

characterized by 30 

the moving means (2.3) being arranged to in 
use move said substrate in a predetermined di- 
rection in a step of forming a mixture layer of 
substrate material atoms and evaporation ma- 3S 
terial atoms from said evaporation source (5) 
and to move said substrate in the direction the 
same as or opposite to said predetermined di- 
rection in case of fonning said mixture layer in 
another step of forming a film with a predeter- 40 
mined thickness of said evaporation source (5) 
on said mixture layer by vacuum evaporation; 

said ion source (4) and said evaporation source 
(5) are disposed so that the center of the region ^5 
in use reached by the ion beam form the ion 
source (4) at the surface of the substrate (T), 
substantially coincides with the center of the re- 
gion to which evaporation particles from the 
evaporation source (5) are directed; and so 

said ion source (4) arranged to be operated in- 
dependently of the evaporation source (5), 
such that in use. 

55 

said ion irradiation from said bn source (4) for 
forrhing said mixture layer can be carried out so 
that the ratio M/N of the number M of evapora- 



tion material atoms to the number N of ions 
reaching said surface of said substrate (T) per 
unit time and per unit area is in a range of from 
10 to 1000. 

5. A film forming apparatus comprising: 

an evaporation source (5',50) forvacuum evap- 
oration of a predetermined material onto the 
surface of a moving objective substrate (T); 

an ion source (4*,40) for radiating bns toward 
the surface of said moving substrate (T); 

means (2,20.3,30) for continuously moving 
said objective substrate (T), in a predetermined 
direction; 

to in use form a mixture layer on a surface of 
the substrate (T). the mixture layer including at- 
oms of both the substrate material and the 
evaporation material, by vacuum evaporation 
of a predetermined amount of evaporation ma- 
terial from the evaporation source (5',50) to 
said surface and radiation of ions from said k>n 
source (4', 40) to said surface during movement 
of said substrate (T) in said predetermined di- 
rectbn; 

to in use form a film with predetermined thick- 
ness of the evaporatbn material on said mix- 
ture layer from the same evaporation source 
(5'.50) by vacuum evaporation, while said sub- 
strate (T) Is continuously moved; 

characterized by 

said irradiation from the ion source (4',40) and 
the vacuum evaporation of a predetermined 
amount of the evaporatbn material from the 
evaporation source (5',50) onto said substrate 
(T) in use being carried out at the same time, 
while continuously moving sakJ substrate, said 
ion source (4'.40) being disposed so that said 
ion radiation from said ion source (4',40) is m 
use applied to a portion (B). located upstream 
from a central portion (A) in the direction of 
movement of said substrate which upstream 
portion (B) is lower in evaporation speed than 
the central portion (A) so that a mixture layer of 
substrate material atoms and evaporation ma- 
terial atoms is continuously fomied on said sur- 
face of said substrate (T) at the portion (B) 
where the ion irradiation is applied, and then a 
vacuum evaporation film with a predetermined 
thickness is continuously formed on said mix- 
ture layer at the portion (A) where the ran irra- 
diation is not applied, and 
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said ion source (4'.40) can be opeiated inde- 
pendently from said evaporation source (5,50^ 
sucii that in use 

said ion irradiation from ion source (4'.40) for s 
forming said mixture layer can be carried out so 
that the ratio M/N of the number N of evapora- 
tion material atoms to the number N of ions 
reaching said surface of said substrate (T) per 
unit time and per unit area is in a range of from io 
10 to 1000. 

6. A film forming apparatus according to claim 5. in 
which said ion source is disposed so that in use a 
part of said ion radiation is simultaneously applied is 
to the substrate surface upstream from said surface 
region reached by the evaporation material from 
said evaporation source, whereby said surface of 
said substrate is pretreated before the formatbn of 
said mixture layer. 20 



das Zentrum des Bereichs, der von der lonen- 
bestrahlung an der Oberflache des Substrats 
(T) erreicht wlrd. im wesentlichen mit dem Zen- 
trum des Bereichs ubereinstimmt, auf den die 
Aufdampfteilchen aus der Aufdampfquelle (5) 
gerichtet sind; und 

die lonenbestrahlung und die Verdampf ung un- 
abhangig etngestellt werden, wobei 

die lonenbestrahlung zur Bildung der gemlsch- 
ten Schicht derart ausgefuhrt wird, da8 das 
Verhaftnis M/N der Anzahl M von Aufdampf ma- 
terialatomen zu der Anzahl N von lonen, die die 
Oberflache des Substrats (T) pro Zerteinhert 
und pro Flachenelnheit erreichen, im Bereich 
von 10 bis 1000 ist 

2. Verfahren zur Bildung einer Dunnschicht aus Auf- 
dampfmaterial auf einem Substrat (T), wobei das 
Verfahren die folgenden Schritte aufweist: 



PatentansprQehe 

1 . Verfahren zur Bildung einer Dunnschicht aus einem 
Aufdampfmaterial auf einem Substrat (T), wobei 
das Verfahren die folgenden Schritte umfa3t: 

Bilden einer gemischten Schicht auf einer 
Oberflache des Substrats (T), wobei die ge- 
mischte Schicht Atome sowohl des Substrat- 
materials als auch des Aufdampfmaterials um- 
faOt, durch \^kuumaufdampfen einer vorbe- 
stimmten Menge von Aufdampfmaterial aus ei- 
ner Aufdampfquelle (5) auf die Oberflache und 
Bestrahlung der Oberflache mit lonen wahrend 
der Bewegung des Substrats (T) in einer vor- 
bestimmten Richtung; 

und Bilden einer Dunnschicht aus Aufdampf- 
material mit einer vorbestlmmten Dicke auf der 
gemischten Schicht aus einer Aufdampfquelle 
(5) durch Vakuumaufdampfen, wahrend das 
Substrat (T) kontlnuieriich bewegt wird; 

dadurch gekeniizeichnet, daO 

die Dunnschicht mit einer vorbestimmten Dicke 
aus Aufdampfmaterial mit derselben Auf- 
dampfquelle gebildet wird, die zur Bildung der 
gemischten Schicht benutzt wird, nachdem die 
gemischte Schicht zumindest tellweise auf ei- 
nem vorbestimmten Teil der Oberflache des 
Substrats (T) gebiidet worden ist. wahrend sich 
das Substrat in der gleichen Richtung oder ent- 
gegengesetzt zu der vorbestimmten Richtung 
bezuglbh der Aufdampfquelle (5) bewegt; 



Bildung einer gemischten Schicht auf einer 
Oberflache des Substrats (T), wobei die ge- 

2S mischte Schicht sowohl Atome des Substrat- 

materials als auch des Aufdampfmaterials urn- 
faBt, durch VSakuumaufdampfen einer vorbe- 
stimmten Menge von Aufdampfmaterial aus ei- 
ner Aufdampfquelle (5', 50) auf die Oberflache 

50 und Bestrahlung der Oberflache mit lonen wah- 

rend sich das Substrat (T) in einer vorbestimm- 
ten Richtung bewegt; 

und Bildung einer DQnnschbht aus Aufdampf- 
3S material mit einer vorbestimmten Dicke auf der 

gemischten Schicht aus einer Aufdampfquelle 
(5',50) durch Nfekuumaufdampfen, wahrend 
das Substrat (T) kontinuierlich bewegt wird; 

40 dadurch gekennzeichnet. daB 

die lonenbestrahlung und das N^kuumauf- 
dampf en einer vorbestimmten Menge von Auf- 
dampfmaterial aus einer Aufdampfquelle (5*. 

4S 50) auf das Substrat (T) gleichzeitig ausgefuhrt 

werden, wahrend das Substrat (T) kontinuier- 
lich bewegt wird, wobei die lonenbestrahlung 
auf einen Tellbereich (B) angewendet wird, der 
- relativ zur Bewegungsrk:htung des Substrats 

so . gegenuber einem zentraien Teil (A) des Be- 

reichs, der von der Verdampfung des Auf- 
dampfmaterials aus der Aufdampfquelle (5'.50) 
erreicht wird, stromaufwarls liegt und die Ver- 
dampfungsgeschwindigkeit in dem stromauf- 

ss wartigen Teilberebh (B) geringer Ist als In dem 

zentraien Teil (A) des Bereichs. so daS eine ge- 
mischte Schicht aus Atomen des Substrats und 
des Aufdampfmaterials kontinuierlich auf der. 
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Oberflache des Substrats an dem Teilbereich 
(B) gebildet wird, wo die lonenbestrahlung an- 
gewendet wind; und 

die Vakuumaufdampfschicht mit einer vorbe- 
stimmten Dicke aus Aufdampfmaterial kontinu- 
ierlich auf der gemischten Schicht an dem Teil- 
bereich (A) gebildet wird. wo die lonenbestrah- 
lung nicht angewendet wird; 

die lonenbestrahlung und die Verdampf ung un- 
abhangig voneinander eingestellt werden, wo- 
bei 



die lonenbestrahlung zur Bildung der gemisch- 
ten Schrcht derart ausgefuhrt wird, d^B das 
Verhaltnis M/N der Anzahl M von Aufdampf ma- 
terialatomen zu der Anzahl N von lonen, die die 
Oberflache des Substrats (T) pro Zeitelnheit 
und pro Flacheneinhelt erreichen, im Berefch 20 
von 10 bis 1000 ist 

3. Dunnschlchtbildungsverfahren nach Anspruch 2, in 
dem ein Tell der lonenbestrahlung simultan auf ei- 
nen zusatzlichen stromaufwartigen Teilbereich des 25 
Substrats angewendet wird, der auQeitialb des Be- 
reichs liegt, der von der Verdampf ung. von Auf- 
dampfmaterial aus der Aufdampfquelle erreicht 
wird, so daB die Oberflache des Substrats vor der 
Bildung der gemischten Schicht vorbehandelt wird. 30 

4. Vorrichtung zur Bildung von DOnnschichten. die fol- 
gendes umfaBt: 

eine Aufdampfquelle (5) zum Vakuumauf- 35 
dampfen eines vorbestimmten Materials auf 
die Oberflache eines sich bewegenden Ziel- 
substrats (T); 

eine lonenquelle (4) zur Strahlung von lonen zu 40 
der Oberflache des sich bewegenden Sub- 
strats (T); 

Mittel (2.20,3.30) zur kontinuierlichen Bewe- 
gung des Zielsubstrats (T), wobet die Mittel 4S 
(2.20,3,30) zur Bewegung des Substrats (T) in 
einer vorbestimmten Richtung angeordnet 
sind; 

um beim Gebrauch eine gemlschte Schicht auf ^ 
einer Oberflache des Substrats (T) zu bilden, 
wobei die gemischte Schicht Atome sowohl des 
Substratmate rials als auch des Aufdampf mate- 
rials umfalBt, durch N^kuumaufdampfen einer 
vorbestimmten Menge von Aufdampfmaterial ss 
aus der Aufdampfquelle (5) auf die Oberflache 
und Bestrahlung der Oberflache mit lonen aus 
der lonenquelle (4) wahrend der Bewegung 



des Substrats (T) in der vorbestimmten Rich- 
tung; 

um beim Gebrauch eine Dunnschicht aus Auf- 
dampfmaterial mit vorbestimmter Dicke auf der 
gemischten Schicht aus derselben Aufdampf- 
quelle (5) durch Vakuumverdampfung zu bfl- 
den, wahrend das Substrat (T) kontinuierlich 
bewegt wird; 

dadurch gekennzeiehnet. da3 

die Bewegungsmittel (2,3) angeordnet sind, um 
beim Gebrauch das Substrat bei ein em Schritt 
der Bildung einer gemischten Schicht von Sub- 
stratmaterialatomen und Aufdampfmateriatato- 
men aus der Aufdampfmaterial (5) in einer vor* 
bestimmten Richtung zu bewegen und das 
Substrat in einem anderen Schritt der Bildung 
einer Dunnschicht mit einer vorbestimmten 
Dicke aus der Aufdampfquelle (5) auf der ge- 
mischten Schicht durch Vakuumverdampfung 
in der gleichen Rtohtung wie die vorbestimmte 
Richtung beim Bilden der gemischten Schicht 
Oder entgegengesetzt dazu zu bewegen; 

die lonenquelle (4) und die Aufdampfquelle (5) 
so angeordnet sind, daB das Zentrum des Be- 
reichs, der beim Gebrauch von dem lonen- 
strahl aus der lonenquelle (4) an der Oberfla- 
che des Substrats (T) erreicht wird, im wesent- 
lichen mit dem Zentrum des Bereichs uberein- 
stimmt, auf den die Aufdampfteik:hen aus der 
Aufdampfquelle (5) gerichtet sind; und 

die lonenquelle (4) soaufgebaut ist, daB sie un* 
abhangig von der Aufdampfquelle (5) betrieben 
wird, so daB im Gebrauch, 

die lonenbestrahlung aus der lonenquelle (4) 
zur Bildung der gemischten Schicht so ausge- 
fuhrt werden kann, daB das Verhaltnis M/N der 
Anzahl M von Aufdampfmaterialatomen zu der 
Anzahl N von lonen. die die Oberflache des 
Substrats (T) pro Zeiteinheit und pro Flachen- 
einhelt errek:hen, im Berek;h von 10 bis 1000 
ist. 

Vorrichtung zur Bildung von Dunnschichten, diefol- 
gendes umfaBt: 

eine Aufdampfquelle {5*,50) zur Vakuumver- 
dampfung eines vorbestimmten Materials auf 
. die Oberflache eines sk;h bewegenden Zieh 
substrats (T); 

einen lonenquelle (4',40) zur Strahlung von lo* 
nen zu der Oberflache des sich bewegenden 
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Substrats (T); 

Mittel (2,20.3,30) zur kontinuieriichen Bewe- 
gung des Zieisubstrats (T) in einer vorbestimm- 
ten Richtung; s 



N der Anzahl M von Aufdampfmaterialatomen 
zu der Anzahl N von lonen, die die Oberflache 
des Substrats (T) pro Zeiteinheit und pro Fla- 
cheneinheit erreichen, tm Bereich von 10 bis 
1000 ist. 



um beim Gebrauch eine gemlschte Schicht auf 
einer Oberflache des Substrats (T) zu bilden, 
wobei die gemischte Schicht Atome sowohl des 
Substratmaterials als auch des Verdampf ungs- io 
materials umfaGt, durch Vakuumverdampfung 
einer vorbestimmten Menge von Auf dampf ma- 
terial aus der Aufdampfquelle (5'.50) zu der 
Oberflache und Bestrahlung der Oberflache mit 
lonen aus der ionenquelle (4'.40) wahrend der t5 
Bewegung des Substrats (T) in der vorbe- 
stimmten Richtung; - 

um beim Gebrauch eine Dunnschicht aus Auf* 
dampfmateria) mit vorbestimmter DIcke auf der 
gemischten Schicht durch Vakuumverdamp- 
fung aus der Aufdamplquelle (5*,50) zu bikien. 
wahrend das Substrat (T) kontinuierlich bewegt 
wird; 

25 

dadurch gekennzeichnet, daB 

die Bestrahlung aus der Ionenquelle (4',40) und 
die N^kuumverdampfung einer vorbestimmten 
Menge von Aufdampfmaterial aus der Auf- 30 
dampfquelle (5',50) auf die Oberflache (T) beim 
Gebrauch gleichzeitig ausgefuhrt werden, 
wahrend das Substrat kontinuierlich bewegt 
wird, wobei die Ionenquelle (4\40) so angeord- 
net ist, daB die lonenbestrahlung aus der lo- 35 
nenquelle (4', 40) beim Gebrauch auf einen Teil- 
berebh (B) angewendet wird, der - in Richtung 
der Bewegung des Substrats - gegenuber ei- 
nem zentralen Teilberebh (A) stromaufwarts 
angeordnet ist und die Aufdampfgeschwindtg- 40 
keit In dem stromaufwartigen Bereich (B) gerin- 
ger ist als in dem zentralen Teilbereich (A), so 
daB eine gemischte Schicht aus Substratmate- 
rialatomen und Aufdampfmaterialatomen kon- 
tinuieriich auf der Oberflache des Substrats (T) ^ 
an dem Teilbereich (B) gebildet wird, wo die lo- 
nenbestrahlung angewendet wird, und dann ei- 
ne Vakuumaufdampfschicht mit einer vorbe- 
stimmten Dicke kontinuleriich auf der gemisch- 
ten Schk:ht an dem Berekih (A) gebildet wird, so 
wo die lonenbestrahlung nicht angewendet 
wird, und die Ionenquelle (4',40) unabhangig 
von der Aufdampfquelle {5\50) betrieben wer- • 
den kann, so daB beim Gebrauch 

55 

die lonenbestrahlung aus der Ionenquelle (4*. 
40) zur Bildung der gemischten Schrcht derart 
ausgefuhrt werden kann. daB das Verhaltnis W 



6. Vorrichtung zur Bildung von Dunnschichten nach 
Anspruch 5, bei der die Ionenquelle so angeordnet 
ist, daB im Gebrauch ein Teil der lonenstrahlung si- 
multan auf die Substratoberflache angewendet 
wird, die stromaufwarts von dem Oberflachenbe- 
reich liegt, der von dem Aufdampfmaterial aus der 
Aufdampfquelle erreicht wird, wodurch die Oberfla- 
che des Substrats vor der Bildung der gemischten 
Schicht vorbehandeit wird. 



Revendlcatlons 

1. Proc6d6 de fonmation d'un film tfune mati^re 6va- 
porde sur un substrat (T), le ptoc666 comprenant 
les Stapes suivantes : 

la formation tfune couche de melange sur une 
surface du substrat (T), la couche de melange 
contenant des atomes k la fois de la mati&re du 
substrat et de la nrtati&re SvaporSe, par Evapo- 
ration sous vide d'une quantity pr^§termin6e 
d'une matidre d'Evaporation d*une source (5) 
d'6vaporation vers la surface et irradiation par 
des ions vers la surface lors du d6placement 
du substrat (T) dans un sens pr^ddterminS, et 
la formatbn d'un film d'epaisseur predStermi- 
nde de la mati^re d'6vaporatk>n sur la couche 
de melange ^ partir de la source (5) d'Evapora- 
tion par Evaporation sous vide, aiors que le 
substrat (T) se dEplace de fagon continue. 

caractdrisE en ce que : 

le film ayant I'dpaisseur pr6dEtermin6e, forme 
de la mati6re d'6vaporatlon, est realise avec la 
source d'Evaporation dEja utilisEe pour la for- 
matk^n de la couche de melange aprds que la 
couche de melange a §tE fonmEe au moins par- 
tiellement sur la partie prEdEterminee de la sur- 
face du substrat (T) pendant le dEplacement du 
substrat dans le sens prEdEterminE ou le sens 
opposE. par rapport k la source d'Evaporation 
(5), 

le centre de la region atteinte par I'irradiation 
par des ions h la surface du substrat (T) coin- 
cide pratiquement avec le centre de la region 
dans, laquelie sont dirigEes les.particules Eva- 
porEes provenant de la source d'Evaporation 
(5).et 

I'irradiation par des kms et TEvaporation sont 
rEglEes IndEpendamment. 
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si bien que I'irradiation par des ions destines k 
former la couche de m6Iange est r6alis6e de 
mani^re que le rapport M/N du nombre M d'ato- 
mes de la matiere evapor6e au nombre N 
tfions atteignant la surface du substrat (T) par s 3. 
units de temps et par unitd de surface soit com- 
prisentrelOetlOOO. 

2. Proc6d6 de fomnation tfun film d'une matiSre d'6va- 
poration sur un substrat (T), le proc6d6 comprenant io 
les Stapes suivantes : 

la formation d'une couche de melange sur une 
surface d'un substrat (T), la couche de melange 4. 
contenant des atomes de ta matidre du substrat 
et de ta matiSre d'Svaporation, par Svaporation 
sous vide d'une quantity prSdSterminSe de la 
matiSre d'Svaporation d'une source d'Svapora- 
tion (5', 50) vers la surface et irradiation de la 
surface par des ions pendant le dSptacement 20 
du substrat (T) dans un sens prddSterminS, et 
la formation d'un film d'Spalsseur predStermi- 
nSe de la matiSre d'Svaporation sur ta couche 
de melange h partir d'une source d'Svaporation 
(5', 50) par Evaporation sous vide, lorsque le 25 
substrat (T) se dSplace de fagon continue. 

caractSrIsS en ce que : 

I'irradiation par des ions et I'Svaporation sous 30 
vide d'une quantitS pr6d6termin6e de la matid- 
re d'Svaporation d'une source d'Svaporation 
(5*. 50) sur le substrat (T) sont rSalisees en m§- 
me temps avec dSplacement continu du subs- 
trat (T), I'irradiation par des ions Stant. appli- ^ 
quee ^ une partie (B) qui se trouve, dans le 
sens de deplacement du substrat, en amont 
d'une partie centrale (A) de ta region atteinte 
par rSvaporatlon de la nnati&re d'Svaporatbn de 
la source d'Svaporation (5', 50). la Vitesse 40 
d'Svaporation etant plus faible dans la partie 
amont (B) que dans la partie centrale (A) de la- 
dite rdgion, si bien qu'une couche de melange 
d'atomes du substrat et de ta matiSre d'Svapo- 
ration se forme de fagon continue k (a surface ^ 
du substrat dans la partie (B) dans laquelle est 
appliquSe I'irradiation par les ions, 
lefilm d'Svaporation sous vide d'Spaisseur pre- 
dSterminSe de la matidre d'Svaporation est for- 
ms de fagon continue sur la couche de mSlange ^ 
dans ta partie (A) dans laquelle firradiation par 
des ions n'est pas appllquSe, et 
I'irradiation par des ions et I'evaporation sont 
ajustees indSpendamment, 
si bien que rinradiation par des ions destineia k 
former ta couche de mSlange est rSalisSe de 
mani^re que ie rapport M/N du nombre M d'ato- 
mes de la matiSre d'Svaporation au nombre N 



d'ions atteignant la surface du substrat (T) par 
units de temps et par unrtS de surface soit com- 
prisentre lOet 1 000. 

ProcSdS de f ormatbn de film selon ta revendication 
2, dans lequel une partie du rayonnement par des 
ions est appiiquSe simuttanSment k une partie sup- 
pISmentaire en amont du substrat en dehors de la 
rSgion atteinte par Evaporation de la matiSre d'Sva- 
poration de la source d'Svaporation, si bien que la 
surface du substrat subit un traitement prSalable k 
ta formation de ta couche de.mSlange. 

Appareil de fomnation de film, comprenant : 

une source d'Svaporation (5) destinSe k I'Sva- 
poration sous vide d'une matiSre prSdStermi- 
nSe k ta surface d'un substrat mobile (T) for- 
mant un objet, 

une source d'ions (4) destinSe k Smettre des 
ions vers la surface du substrat mobile (T), 
un disposltif (2. 20. 3. 30) de dSptecement con- 
tinu du substrat (T) constltuant I'objet ce dis- 
positif (2, 20, 3, 30) Stant destinS k dSplacer le 
substrat (T) dans un sens prSdSterminS 
pour la formation, pendant I'utilisation, d'une 
couche de mSlange sur une surface du substrat 
(T), la couche de mSlange comprenant des ato- 
mes de la matiSre du substrat et de la matiSre 
SvaporSe. par evaporation sous vide d'une 
quantitS prSdSterminSe d'une matiSre d'Svapo- 
ration de la source d'Svaporation (5) k la surfa- 
ce et irradiation par des ions de la source d'ions 
(4) de tadrte surface tors du dSptacement du 
substrat (T) dans te sens prSdSterminS, 
pour la formation, pendant I'utilisation, d'un film 
d'Spaisseur prSdSterminSe de ta matiere d'Sva- 
poration sur la couche de mSlange a partir de 
la mSme source d'Svaporation (5) par Evapora- 
tion sous vide, alors que te substrat (T) se dS- 
place de fagon continue, 

caractSrisS en ce que : 

te disposltif de dSplacement (2, 3) est disposS 
afin que, pendant rutilisatlon, it dSplace te subs- 
trat dans un sens prSdSterminS dans une Stape 
de formation d'une couche de mSlange d'ato- 
mes de ta matiSre du substrat et d'atomes de 
la matiSre d'Svaporation de la source d'Svapo- 
ration (5)» et qu'il dSplace le substrat dans le 
sens prSdSterminS ou en sens opposS dans le 
cas de la formation de la couche de mSlange 
dans une autre Stape de formation d'un film 
avec une Spaisseur prSdSterminSe de la sour- 
ce d'Svaporation (5) sur la couche de mSlange 
par Evaporation sous vide, 
la source d'ions (4) et la source d'Svaporation 
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(5) sont dispos6es de maniSre que le centre de 
la r6gion atteinte, pendant I'utllisation, par le 
faisceau d'ions form6 par ia source d'bns (4) ^ 
la surface du substrat (T) coincide pratlque- 
ment avec le centre de la region vers laquelle s 
sont dingoes les particules dvapor^es de la 
source d'6vaporation (5), el 
la source d'ions (4) est dispos6e afin qu'elle 
fonctionne Inddpendamnnent de la source 
d*6vaporation (5), d'une mani^re telle que, pen- 
dant le fonctlonnement, 
rirradiation par les ions de la source d'ions (4) 
destin6e k former la couche de melange peut 
dtre rdalisee de manidre que le rapport M/N du 
nombre M d'atomes de la mati^re d'^vapora- is 
tion au nombre N d'ions atteignant la surface 
du substrat (T) par unit^ de temps et unltd de 
surface soit compris entre 10 et 1 000. 

Appareil de formation de film, comprenant : ^ 

une source d'dvaporatlon (5*. 50) destines k 
I'^vaporatbn sous vide d'une matidre pr6d6ter- 
minde h la surface d'un substrat mobile (T) for- 
mantunobjet, 

une source d'ions (4*. 40) destinde a ^mettre 
des ions vers la surface du substiat mobile (T). 6. 
un dispositif (2, 20, 3, 30) de dSplacement con- 
tinu du substrat (T) fonmant I'objet, dans un 
sens predetermine, 30 
afin que. pendant Tutilisation, une couche de 
melange soit form6e sur une surface du sut>s- 
trat (T), la couche de melange contenant des 
atomes a la fois de la matiere du substrat et de 
la matiere 6vapor6e, par evaporation sous vide 3S 
d'une quantlte predetermlnee de mati^re d'eva- 
poration de la source d'evaporation (5*. 50) ^ la 
surface et irradiation de ladite surface par des 
ions de la source d'ions (4', 40) pendant le de- 
placement du substrat (T) dans le sens pr6de- 40 
term In e, et que, 

pendant i'utllisation . il forme un film d'epaisseur 
predetermlnee de la mati^re d'evaporation sur 
la couche de melange k partir de la source 
d'evaporation (5', 50) par evaporation sous vi- 45 
de, alors que le substrat (T) se deplace de fa- 
9on continue, 



caracterise en ce que : 

so 

rirradiation par la source d'ions (4', 40) et I'eva- 
poration sous vide d'une quantite predeterml- 
nee de la matiere ^evaporation de la source 
d'evaporation (5', 50) sur le substrat (T). pen- 
dant I'utilisation, sont realisees en mdme ss 
temps, avec d6placement continu du substrat, 
la source d'ions (4*. 40) etant disposee de ma- 
niere que le rayonnement ionique de la source 



d'ions (4*. 40) soit applique, pendant Tutilisa- 
tion, h une partie (B) placee en amont d'une 
partre centrale (A) dans le sens de deplace- 
ment du substrat, la partie amont (B) ayant une 
plus faible vitesse d'evaporatbn que la partie 
centrale (A) si blen qu'une couche de melange 
d'atomes de la matiere du substrat et d'atomes 
de la matiere evaporee se forme de fagon con- 
tinue k la surface du substrat (T) dans la partie 
(B) dans laquelle I'in-adiation ionique est appli- 
quee, puis qu'un film d'evaporation sous vide 
d'epaisseur predeterminee soit forme de fafon 
continue sur la couche de melange dans ia par- 
tie (A) dans laquelle rirradiation ionique n'est 
pas appliques, et 

la source d'ions (4', 40) peut fonctionner inde- 
pendamment de la source d'evaporation (5', 
50 ), si bien que, pendant le foncttonnement, 
rirradiation ionique par la source d'ions (4*, 40) 
destinee k former la couche de melange peut 
§tre realisee de manidre que le rapport M/N du 
nombre M d'atomes de la matidre d'evapora- 
tion au nombre N d'ions atteignant ia surface 
du substrat (T) par unite de temps et par unite 
de surface soit compris entre 10 et 1 000. 

Appareil de formation de film seton la revendication 
5. dans; tequel la source d'ions est disposee de ma- 
nidre que, pendant I'utilisation, une partie du rayon- 
nement ionique soit appliques simultanement k la 
surface du substrat en amont de la region de surfa- 
ce atteinte par la matiere d'evaporation de ia source 
d'evaporation, si blen que la surface du substrat su- 
bit un traitement prealable avant la formation de la 
couche de melange. 
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